Cocoa is a plant that is very sensitive to drought during its growth and development phase, which causes changes up to the anatomical and morphological level. This research is aimed to examine the changes on several leaf anatomical characteristics of three cocoa clones under the drought stress. This research was conducted in a greenhouse of Indonesian Coffee and Cocoa Research Institute, Jember, East Java, Indonesia in January -December 2017. The research was designed using randomized complete block design with two factors including clones and watering time interval, with three replications. The clone factor comprised of ICS 60, KW 641, and Sulawesi 1. The result showed that the clones of Sulawesi 1 and KW 641 cocoa had a higher mesophyll thickness, lower stomatal density, narrower stomatal opening, thicker abaxial and adaxial epidermis, and higher relative water content compared to ICS 60 clone. The 8-day watering interval caused a decrease in mesophyll thickness, leaf thickness, increase in stomatal density, stomatal closure, decrease in abaxial epidermis thickness, and decrease in water status within the plant tissue. The thicker the leaf mesophyll tissue, the higher the leaf water content was. This showed that the water status within a plant leaf tissue determined by the leaf mesophyll thickness.
INTRODUCTION
Cocoa is a plant that is very sensitive to drought during its growth and development phase. This is because cocoa requires adequate water to live. Drought is one of the environmental threats that significantly influence cocoa growth and development, as well as its productivity compared to other environmental threats. A threat from drought will occur if the amount of water available is inadequate to the plant need, along with the transpiration process that continually happens (Mathobo et al., 2016) . Threats to the plant will cause a disorder in the cellular functions and negatively impact the plant growth and production (North et al., 2019) .
To survive, plants generally involve multiple cellular changes as an adaptation mechanism in response to its environment, for instances, the control of stomatal opening and closure and the thickening of epidermis cells to decrease the transpiration mechanism. Studies on cellular changes in response to drought stress threat of cocoa plant have not been explored much. Zanneti et al. (2016) showed that the cocoa plant characteristics changes due to drought threat include a change in the stomatal density. Mardiyah PELITA PERKEBUNAN, Volume 35, Number 3, December 2019 Edition (2014) explained that the anatomical changes on rice plant due to drought stress include a decrease in epidermis thickness, endodermis thickness, diameter of vascular bundle cell, mesophyll thickness, yet, an increase in the amount of trichome. The leaf mesophyll is a leaf tissue which anatomically located in between the adaxial and abaxial epidermis. This tissue comprises of palisade parenchyma, spongy parenchyma, and vascular bundle tissues. The functions of these tissues include as a water storage, air exchange, and a place for photosynthesis process due to the presence of chlorophyll pigments. Research by Haffani et al. (2017) reported that plants that are threatened by drought can cause a thickening of mesophyll cells and increase in stomatal density.
The anatomical characteristic changes can be used as an ideotype to identify types of dry resistant plants. Based on several previous studies, the leaf anatomical characteristics became the focus to resistant characteristic identification including the characters of the stomata (Agurla et al., 2018) , mesophyll, and epidermis characteristics (Binks et al., 2016) . The stomatal density typically becomes a criterion to identify and choose the genotype which is relatively tolerant toward drought (Khosroshahi et al., 2014) . The stomatal density is a characteristic that can influence gas exchange. Stomata have a role in the transpiration process between leaves and atmosphere, meanwhile, mesophyll on leaves acts as spare water storage in the leaves during drought. These changes at the cellular level have the potential to influence the cocoa plant vigor. Prawoto (1991) stated that stomata and palisade cells in cocoa leaves influence the plant vigor. The good influence on plant vigor can be affected by the water status within the plant body, which is maintained well. This research is aimed to examine the changes on several leaf anatomical characteristics of some clones under the drought stress.
MATERIALS AND METHODS
This research was conducted at the greenhouse of Indonesian Coffee and Cocoa Research Institute, Jember, East Java, Indonesia. This research was conducted from January-December 2017. The microclimate that was observed during the research included temperature, humidity, and light intensity. The average daily temperature during the research was 26.5-28.5 O C, with the highest temperature of 32.7 O C and the lowest of 22.5 O C. The relative daily humidity was 84.67%. The light intensity throughout the period of research was 985.5 J.cm 2 .day -1 .
This research used seedlings from top grafting with different scion clones and then grafted to the Scavina 6 clone seedlings. The rootstock derived from the legitimate seedlings from a 6-month-old Scavina 6 clone was grafted with three cocoa clones, which were ICS 60, Sulawesi 1, and KW 641. The research was designed by a random model which was repeated three times. The first factor was the ICS 60 clone as succeptible clone to drought according to Winaryo et al. (1997) , Sulawesi 1, and KW 641 as resistant clone to drought, according to Zakariyya et al. (2016) . The second factor was the treatment of watering interval in which the watering of every 2 days (regular watering), 5 days (moderate stress), and 8 days (severe stress). The watering was conducted by adding 750 mL of water. Several variables observed in the fully grown leaves included the stomatal density, stomatal opening width, mesophyll thickness, adaxial and abaxial epidermis thickness, leaf thickness, and relative water content in the leaves. The stomata characteristics were observed by applying nail polish on the leaf abaxial. The result of the leaf stomata cell was then placed upon an object-glass and observed under a microscope. The stomata characteristic measurement includes the stomatal density and opening width. The PELITA PERKEBUNAN, Volume 35, Number 3, December 2019 Edition observation toward stomata characteristic was conducted at the age of 80 days after treatment. The leaf thickness was measured by using a caliper on the leaves that have fully grown or young fully expanded leaf. The observation of leaf thickness was also conducted 80 days after treatment.
On the leaf anatomy observation, the sample leaves were fixated in 70% alcohol. The transversal section refer to semi-permanent preparation (Sass, 1951) . The anatomical characteristic observation includes the epidermis and palisade thickness at the end of observation. The measurement of anatomical characteristics was conducted using the image raster software (Macinos, Indonesia). The documentation used an instrument of microscope photo (Optilab Advance-Macinos, Indonesia). The leaf cellular characteristic observation was conducted on 80 days after the treatment. The content of relative water was calculated based on the equation: 100 x (Wf-Wd)/ (Ws-Wd), wherein Wf is the fresh weight, Wd is the leaf dry weight, and Ws is the leaf weight after thoroughly filled with water (cocoa leaves samples were cut with a diameter of 1 cm without the leave lamina and midrib for 12 hours).
The data resulted from the observation of multiple observation variables were then analyzed using the analysis of variance (ANOVA) with  = 5%. If the variance analysis result acquired is F hit > F table, that means there was an significant difference between treatments, then it was continued with the Tukey Test (Gomez & Gomez, 1995) .
RESULT AND DISCUSSION
Leaf is a plant organ that is sensitive to dry condition. The response of plant toward drought stress can be seen based on the leaf anatomical change. Table 1 showed information regarding leaf, mesophyll, and lower epidermis thickness under the influence of single factor of the clone and watering interval treatment, meanwhile, the upper epidermis was influenced by the single factor of clone. The watering interval of 5 days and 8 days significantly influenced the decrease in values of leaf thickness, mesophyll thickness, compared to the watering interval of 2 days. The mesophyll thickness is also significantly influenced by the watering interval treatment. The mesophyll of the seedlings watered every 5 days and 8 days significantly showed a thinner 10.85% and 19.58% compared to the ones watered every 2 days. The drought stress could cause mesophyll to become thinner. Furthermore, Table 1 also informed that the watering interval treatment only significantly influenced the abaxial epidermis. The increase of watering interval from 2 days to 8 days caused an abaxial epidermis thickening up to 11.11%.
If seen from the clone treatment, KW 641 and Sulawesi 1 clones had thicker leaves, mesophyll tissue, adaxial and abaxial epidermal tissue compared to ICS 60 clone. This indicates that the genetic influence is very determining to the epidermal growth. Visually, the picture of the tissue is depicted in Figure 1 . Santoso et al. (2017) state that the thickness of upper epidermal tissue is around 16.95-22.62 µm while abaxial epidermis is thinner, which is 8.68-10.45 µm, in which both are influenced by the types of cocoa clones.
The leaf thickness is closely related to the tissues within the leaves, one of them is mesophyll. Figure 2 depicts the linear relationship between the leaf thickness and mesophyll tissue of the cocoa leaf. The thicker the mesophyll, the thicker the leaves will be. This indicates that by observing the leaf thickness non-destructively, it can acquire the overview of mesophyll thickness within the leaf tissue. Leaf thickness (µm) Zakariyya et al. (2016) showed that the leaf thickness could be used as one of the criteria of dry resistant cocoa clone characteristic. Leaf thickness is also reported by Marechaux et al. (2015) as a reflection of cell turgidity specifically on leaves. Furthermore, Afzal (2017) stated that leaf thickness could be used as an indicator of water status in leaves. It is determined by the anatomy including the number, size, and structure of cells in the leaf, which are the leaf parenchyma, mesophyll, and epidermis. The leaf thickness showed the presence of water and solute within the leaf thus causing the leaves to remain turgor in a suboptimum environment. Rhizopoulou & Psaras (2003) stated that the type of dry plants will adapt by having a thick mesophyll to store more water in the tissue. Ouyang et al. (2017) argue that a thick mesophyll is linear to the number of chloroplasts and gas exchange in the mesophyll, or in other words, the photosynthesis process can be more effective and optimal.
The higher the level of stress, the thinner the mesophyll would be. This fact was in line with research conducted by Zanneti et al. (2016) in which a thinner mesophyll was caused by the parenchyma palisade and sponge tissues that were smaller and thinner.
The thinner mesophyll is a plant's mechanism of tolerance to adjust to the condition of limited water in the environment (Galmes et al., 2013) . Epidermal tissues were stated by Wu et al. (2015) to be useful as a detail of plant characteristic that indicates resistance toward dryness. Maiti et al. (2012) added that epidermis can prevent water loss because this tissue is covered in cuticles that contain wax layers. Zhang et al. (2015) used the anatomical characteristics of the epidermis as a criterion of plant resistance characteristic toward dryness. Zanneti et al. (2016) and Lahive et al. (2018) examined that the cocoa seedlings in the condition of water-deficit medium would tend to experience a thickening of the abaxial epidermis. The condition above was an adjustment method for plants to minimize water loss by increasing the resistance of the epidermal tissues. Sari & Putra (2019) explained one of the responses shown by leaves was the shrinking of tissue size as a consequence of cells quantity decrease, which is produced by the leaf meristem tissues.
The characteristic of stomata is also one of the morphological determinant keys of the cocoa plant resistance against drought. The mechanism of stomatal opening and closure depend on the genetic and environ-PELITA PERKEBUNAN, Volume 35, Number 3, December 2019 Edition mental factors (Zakariyya et al., 2017) . This process is related to the attempts to conserve water in the body and environment where the plants grow through the transpiration adjustment. The resistant plants would lower the transpiration by narrowing down the stomatal opening. Table 2 informed that the stomatal density of the cocoa seedlings was influenced by single factors, respectively cocoa clone and watering interval treatment. The seedlings with an upper stem of ICS 60 clone have the highest stomatal density compared to Sulawesi 1 and KW 641 clones both at the beginning and the end of the treatment. The value of stomatal density seems to be increased significantly during the change of interval of watering treatment from every 2 days to 8 days while the change of watering interval from 2 to 5 days does not show a significant change. This is similar to research by Zanneti et al. (2016) and Lahive et al. (2018) that proved the stomatal density to be increased in line with the occurrence of drought threat. Carr & Lockwoods (2011) explained the increase of stomatal density as compensation of leaf width and stomatal opening that is shrinking. Table 3 informed the interaction between watering interval and upper stem clones toward the stomatal opening width at every period of observation. The change in the stomatal opening width in every clone happened as the watering interval increases.
The watering every 8 days significantly influenced the stomatal opening width only on clones with the watering interval of 2 days. On the watering every 8 days, the KW 641 and Sulawesi 1 clones show a narrower stomatal opening compared to the ICS 60. This indicated that the stomatal opening width that is shrinking is more elastic toward the environmental change, specifically during drought threat. The narrower stomata can cause the water status within the leaf is kept better, proven by the low value of relative water. Winaryo et al. (1997) reported that the GC 7 clone is resistant to drought while the ICS 60 is prone to it based on the osmotic pressure and stomatal characteristics.
The type of plant resistant to drought has a conservative characteristic on water inside the plant, in other words, it can store water by preventing it from excessively lose out through transpiration. When the roots are in the medium of limited water, it then sends a chemical signal in a form of abscisic acid. Abscisic acid is transported from the xylem to leaf. On the other side, the leaf also synthesizes abscisic acid. The condition causes the protein of K out channel in the active protective cells and secretes K + in the protective cell, therefore, the potentials of osmotic cells lower and the stomata close (Daszkowska-Golec & Szarejko, 2013) . For the resistant clones, the stomatal characteristics are more responsive to stomatal closure and the few numbers of stomata. This characteristic change is aimed to minimize water loss due to transpiration, thus, the resistant clones are relatively fewer. The leaf relative water content is a changer that is generally used as a predictor of plant water status, especially during exposure of water threat. The relative water content is influenced by interaction to watering interval and clone treatment. On the ICS 60 clone, the significant decrease in relative water content occurred from the watering interval of 5 days and decreased more on 8 days (Table 4 ). On the KW 641 and Sulawesi 1 clones, the significant decrease of relative water content occurred on the watering interval of 8 days. The lowest relative water content is shown on the ICS 60 while encountering extreme drought threat, which is 60.83%. Figure 3 showed the positive linear relationship between mesophyll thickness and relative water content. This indicated that the water status within the leaf is determined by the thickness of mesophyll tissue within the leaf. The leaf anatomy would changes to adjust to the water deficit condition. The lack of water causes cell growth to be hampered, therefore, the leaf thickening is also hampered. Leaves also became thinner due to thinning mesophyll cells (Tomas et al., 2013) . The thinning leaf thickness is one of the plant's attempts to adjust to the space inside the leaf on the condition of limited leaf water, therefore, the leaf remains on a turgid condition. The leaf thickness is positively related to the bigger water storage or high content of relative water. The water is in the mesophyll tissue and fills the spaces in cells, therefore, generally, the type of resistant plants will have thicker leaves, which act as relatively bigger water storage under when drought threat occurs. 
CONCLUSIONS
Sulawesi 1 and KW 641 cocoa clones had a thicker mesophyll tissue, thicker abaxial and adaxial epidermis, lower stomatal density, narrower stomatal opening, and higher content of relative water compared to the ICS 60 clone. Based on the leaf anatomical characteristics, ICS 60 had a lower resistance against drought stress compared to KW 641 and Sulawesi 1 clones. The watering interval of 8 days (severe drought stress) could cause a decrease in the thickness of mesophyll tissue and abaxial epidermis, increase in stomatal density, stomatal closure, and decrease in the water status within the cocoa plant tissue on all clones. There was a positive linear relationship between the leaf thickness and mesophyll cells. The thicker the leaf mesophyll tissue, the higher the leaf water content is. This informed that the water status within a plant's leaf tissue is determined by the leaf mesophyll thickness.
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